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A HIGH-PRECISION CALIBRATOR FOR 
FREQUENCY AND TIME 


The Typk 1213-C' riiil Time Fre- 
(jiiency Calibrator is in no sen.se a .simple 
redesij?!! of its prede(*e.s.sor, the Typk 
1213-AIi Fnit Crystal ().scillator.‘ It is 
an all-new desijrn that reflects both the 
lield (‘xperience gained from the earlier 
in.striiinent and the advances in elec¬ 
tronic circuit t(‘chni(iiies over the past 
five years. 'Fhe new calibrator com- 
pri.ses, in a small unit-type case, all the 
circuits nece.ssa?‘y for the frerpiency 
calibration of o.scillator.s, receivers, and 
other wide-range devices up to frerpien- 
cies somewhat above lOOO megacycles; 
and for the sweep-time calibration of 
oscillo.scopes at intervals from 0.1 /x.sec 
to 100 jusec. 

A comparison of the old and new 

‘ H. B. Riohriiond. ** Pnit Crj-stul Oiwillator," Otneral 
Hadio Exprrimtnter, Feb.. lU/»2. 

•*Iinprovc<l Unit Crystal Orteillator,” Grnrral Itadio 
Exptrimrnh f, Sept., IH.’iri. 


in.struments show four important new 
features of the Time Fretpiency (’ali- 
brator: 

(1) 10-Mc harmonic .series. 

(2) A crystal mixer gotKl from low 
fretpiencies to freijuencie.s abov’e 1000 
Me. 

(3) An amplifier for audible beats, 
which makes po.s.sible direct calibration 
of o-scillators up to 1000 Me. 

(4) video amplifier for the multi¬ 
vibrator output to permit o.s(‘illo.scop(‘ 
time-axis calibration and to make the 
output .standard-fretiuency wave-forms 
available for driving external pulse 
etiuipment. 

.Additional features are ea.se and re- 
.settal)ility of calibration. fre(|uency d(‘- 
viation with no disturbance of cali¬ 
bration, and impr(»ved frecpiency sta¬ 
bility and reliability. 


Figure 1. Panel view of the Type 1213-C Unit Time/Frequency Calibrator with Unit Power Supply. 
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or partinilur importance is reliability, 
which is beconting of more and more 
concern in tliese days of increasing 
electronic complexity. ThoTYPK 12I8-C' 
rnit Time Fretpiency Calibrator, con¬ 
taining only seven vacuum tubes, is 
not in the class with instruments re- 
fpiiring a major reliability analysis; yet 
it reflects thinking on the subject whi«*h 
will 1)0 applied to instruments more 
than t)n order of magnitude more com¬ 
plex. The nmltivil)rators, used as fre- 
(|uency dividers in this instrument, 
n*pre.sent a new conc(*j)t of multivi¬ 
brator reliability in measuring instru- 
m«‘nts. 'rhey are cla,s.sical Abraham- 
Hloch' multivibrators, designed by ana¬ 
lytical procedures to produce maximum 
immunity to tube-charact(‘ristic deteri¬ 
oration. 'I’hese multivibrators are dis¬ 
cussed in some detail in the <‘ircuits 
.sect ion of this article. 

BLOCK DIAGRAM 

rhe basic cinaiits used in tin* I'nit 
'rime Fre<|uencv (’alibrator an* shown 
in Fig. 2. 'l iny consist of: 

(1) A 5-.Me cry.stal oscillator elec- 
tron-couf)le<l to a 2:1 multiplier. 

(2) A 10-.Me buffer stage. 

(li) A group of three multivibrators 


controlled by a panel switch and divid- ^ 
ing the lO-Me crystal controlled fre- 
(iuency by fa»*tors of 10, 100. and 1000. 

(4) .V harmonic generator which will 
pnKiuce a continuous harmonic spec¬ 
trum of the 10-Mc, 1-Mc, 100-ke and 
10-kc signals from the multivibrator. 

(5) A crystal mixer either to couple 
the harmonics out of the instrument on 
a coaxial lead, or to produce and to 
detect a beat against a signal fed into 
the mixer. 

(0) An amplifier .stage, switche<l ei¬ 
ther to amplify tlie audio beat signal 
from the mi.xer or to produce a video 
signal for oscilloscope calibration. 

CIRCUITS 

Oscillator 

.V hermetically sealed, .A'P-cut, o-Mc 
(|uartz crystal is used as a fre(|uency 
control element for the oscillator. The 
electron-coupled (iouriet-('lapp‘d o.scil- ^ 
lator circuit uses the fii-st control-grid- 
s<*reen-grid space of a pentagrid con¬ 
verter tiibc* to provide the o.scillating 
loop gain. Output is taken from the 
plate circuit of the pentagrid tube, 
which is ttilled to r(‘sonance at 10 Me. 
Buffar 

The 10-Me signal at the jilate of tin* 
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oscillator drives a pentode hulTer. Th(‘ 
45-volt bulTer output at 10 Me drives 
the l-Mc multi vibrator u?kI either the 
harmonic generator or video amplifier, 
depending upon the position of the 
audio/video selector switch. The biilYer 
tMitput also feeds a germanium diode 
re(*fitier circuit, which prfxiuces a d-c 
voltage for audio amplitude control. 

Multivibrators 

Three multivil)rators of a design in¬ 
tended to produce maximum reliability 
are used to divide the 10-Mc buffer fro- 
(luency to produce the standard 1-Mc, 
lOO-kc and 10-kc fre(|uencies. Tlies(* 
(‘arefully designed and constru<*fed mul¬ 
tivibrators will insure long and trouble- 
free operation without regulated voltage 
supplies and with no reacljustments of 
the circuit when tubes are replaced. A 
typical circuit is shown in Figure 3. It 
will be recognized as the simplest form 
of the astable multivibrator. The de¬ 
sign has been carefully studi<*d and 
optimized for reliability by: 

(1) Exact adjustment of all control¬ 
lable circuit parameters, and trigger 
amplitude to the correct values to per¬ 
mit maxiintim tube degradation Ixffore 
failure. 

(2) Choice of the operating point for 
tlie tubes .so that the multivibrator 
performance as determined by the con- 
ducting-tube plate voltage i.s least af¬ 
fected by the aging of the tube. 

Figure 4 shows tlie timing action of 


the multivibrator of Figure 3. .\ssuine 
that from U to /i, I’l is off; and, at 
b, Fi switches on and (piickly by the 
loop regeneration is brought to and 
beyond zero bias. (For the pur|)oses of 
this discus.sion, neglect the positive grid 
transient.) Xow after time b, the plate 
voltage of i.s at a low value 

depending on tlie zero-bias plate current 
and Rl. (Vj must di.scharge through 
Ro 2 toward Eu,, and it will continue to 
di.scharge until the cutoff of F-^ is 
reai’hed, whereupon the tw(j tubes will 
again switch, with 1 -i going on and F-/ 
off. We can now write down th(‘ emula¬ 
tion for the timing action determined 
by the di.scharge mjf the grid coupling 
RC circuit and the amplitude of the 
plate swing. 


T 


Rfri logp 


/-w» “h A’pi« 
Aw, -j- Erot 


(/) 


and since = Eto 


/ -h 

T = Rgi (\i log, 

/ -F 


A pt« 

Ebb 

1 

gc«2 




Since A’pjo = ii,\uRLi c(|UUtion (2- shows 
all of the important circuit variables. 
The (juantity ^ro 2 is a function of tube 
geometry and does not change ap¬ 
preciably with tube life, .so att<*nti<»n 
need only b<* given to the R(' product 
Rtf^ and pio> 

How are these quantities used to 
optimize tlu‘ design of a triggered multi¬ 
vibrator? ( ’onsider Figure 5 when* I he 


Figure 3 (below). Schematic circuit diagram of VOLTAGE 
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liming \v»*ivc*foriu 1ms Imhmi lineari/otl to 
illustrate the tri^geriiiK prinriplcs, so 
that the time e<|uatioii is modifuMl as 
shown in ocpiatifni (3) 


r = (3) 

A study of Figure 5 and K(|uation (3) 
makes it obvious that, for niaximuni 
loekinjj: rau^^e on the nth trigi^er with 
arbitrary variations of Cp aiul the 
slope, the trigger amplitude iEt) must 
be set at a value determined by the 
plate swing as .stat(»d iit Kijuaiion (4) 




(i) 


Apiu Aco 

rt -h ^ 2 

'Phis is the <>ptinuim lrigg(‘r-volt age 
amplitude, ami tin* intercept of the* 
grid <lischarge voltage wav(‘form with 
the cutolT line in the absence of trigger¬ 
ing pulses must be at a lime of a + ‘o 
units, where the time unit is that estab- 
lishe<l by the interval between trigg(*r 
pulsi's. The proof that Fapiation (4) 
does |)rovide tlu* optimum trigger am¬ 
plitude follows. C’onsider the locking 
conditions for values of A\ greater 
than and less than the optimum value 
given in e»|ualion (4); (1) When the 
plate swing A’pio varies through values 


gnniter than and less than tin* de¬ 
sign value with the slope* constant, and 
(2) When the range* of slope values is 
greate*r ami l(*sser than the* en’iginal 


Figure 5. Linearized fiming-woveform diagram 
for fhe multivibrator of Figure 3. 
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slope* with Apio held cemstant. It can be 
seen that values of trigger vetltage 
greater than and less than that deter¬ 
mined by Fejuatieui (4) will decrease the 
loe'king range e)f the inultivibrate>r, Ity 
having it jump to a iett'k etn the 4th or 
<)th trigge‘ring pulse when A\ is gr(‘ater, 
etr by having it go out of lock completely 
when A\ is less. 

There is an inescapable com*lusion 
that follows from this simple analysis. 
One is allowed a total tleviation of 
=*= • 2 A\ in the value of the grid dis¬ 
charge voltage level at the tiim* of the 
nth trigger pulse at which the multi- 
viliiator should swit(*h. 'I'herefore, in a 
symmetrical multivibrator dividing by 
10 i n e(|uals o on eai*h half-cycle of the 
multivibrator), a change of a|>proxi- 
mately =*= 0%in the combination of Apu 
and will cause a failure in the count. 
Since emission varies with time, one 
mu.*<t r(‘mov(* any controllabh* tixed 
errors in order to transf(*r all alhiwable 
variation to the tube, which is bound to 
change with time. I'his is done by using 
afljustable components to remove any 
elTect due to «*omponent tolerances (»n 
the AT' time constants. An important 
fact that must be recogni7.(*d is that tin* 
plat(* curr<*nt of vacuum tubes s<*ldom 
rises with age. initial adjustment r*an 
thus be made to take advantagi* of this 
fact by .setting the A-t’ time constant on 
the long side so that the tolerance for 
cleuiges in plate current api)roximates 
-f- 3 and — lo9o. 

The facts presented above apt)ly to 
all stable multivibrators no matter how 
o])erated. When the multivibrator fr<*- 
Huency is below 100 kc. techniques of 
“hard-bottoming”'^ can be applied. 

rhe plate resistors for all multivi- 
_ 

* liarru, C. C'.. "The ■nard-Boltoiiiifiii' TitIiiihiup in 
Nneleai IfUilriiMientatitin C'irnuit IfiE TrntM- 

arlintiM un Xuchar f ei^r>ct. N.S-3. 2: Mtireli in-V;. imue 
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bralors ot this drsijrn arc always set at 
(heir iiiaxiiiiiiiii allowable value. This 
value is <JeteriniiH*(l hy (lie time iie(M*s- 
sary to reeliarge the eout)liiiji: capacitor 
after the switching interval in which (he 
tula* is turiiHl olT. riie plate volla^se 
.should recover t<» value near the 
supply voltage*. 'I’he largt^st pos.sil)le 
value of plate-load resistance gives the 
best approach to the “hard-hottomed 
characteristic and oilers the additional 
features of ininimum plate di.s.sipation 
for the tulH» and iiiiniinum plate cur¬ 
rent. which teini t«) increa.se tulie life. 

l^\|M•rimentally, multi vibrators (!<»- 
.sigiHsi on this bjisis have prov(‘d to b<* 
extremely relialile. For example, a string 
<»f eigfil such units dividing fretiinmcy 
from 10 Me have operated a clock with 
10-s4M>ond pulsi‘s for over nine months, 
ti.oOO luuirs, without a failure causeil 
by a vacuum lube. 

'i'he three fr<M|uency-dividing nuilti- 
vibralors are addi*d serially to the 
circuit .system by the frequency .se- 
lei'tor switch on the front panel, d'liis 
.switch turns the plate power on and 
connects the appropriatt* multivibrator 
to either the harmonic generator or the 
vide(» amplifier, 'riiroughoul this switch¬ 
ing operation, th(‘ power dis.sipated in 
the unit is held (‘onstant by the in- 
.s(Mtion of iluminy load re.sistors so that 
the box temperature will remain as 
nearly constant as p«»ssible. 

Amplifiers 

'^rh(‘ audio-video switch selects tin* 
two input-outt)Ut types of operation. 
\VlH*n tht‘ unit is to 1 m* u.sed for time 
calibration with the switch in the 
vi<leo position, the outfuit of the 
lt)-Mc buffer or of one of tin* multi¬ 
vibrators is connected (i» |Im‘ grid of 

•SKi*nk, I. U., "Th«* Multivilinitnr Applir^ii TlM*i»rv 
MUfl J«uuwry IMM. tciieo l.’MV 


the video amplifier, 'fins stage is a 
pentiMie amplifi(*r-limiter feeding a cath¬ 
ode followi'r. rin* cath(j<le follower is 
connected by the switch to a terminal 
pair on tin' pani'l and provide.s a h)w- 
im|H*dance .stairce to drive external 
circuits. When the audio-video 
switch is thrown to the audio position, 
the following changes in circuitry are 
effected: (1) lh(‘ amplifier stage is con¬ 
verted to a tw«>-.Htage atulio amjilifier 
with .Vk<* bandwidth and a voltag<‘ gain 
of about 7tl db <*omiect(Hl to the sili<’on- 
cry.stal mixer output (Figure (»); ainl 
the lO-Mc liuffer or one of the multivi¬ 
brator outputs is connected to the 
harmonic generator. 

Harmonic Generator 

'I'he harmonic generator consists of 
two stages, tin* first a pentode limiter- 
driver, and tin* .second a triiMie n.sisl to 
drive the germanium-crystal <liode har¬ 
monic generator, 'fhe ])late of the 
p(*nto<le .st'cfion is tuiunl when the fre- 
qm*ncy .s4*lector swit<*h is in the I and 
HI Me po.sitions. and it acts as an un- 
tum'<l amplifiiM* in the Hl(l-kc and M)-k<* 
p<».sitions. Th(‘ pent<Kle stage bctvv<*4‘n 
(he multivibrators ami harmonic gen¬ 
erator r(*mov(*s most of the trigger 
pul.si* that occurs on the multivibrator 
waveforms and which w<mi1<1 othervvisi* 
make the harmonic .s|)ectrum non- 
uniform. 'Fhe trimle harmonic gener¬ 
ating .stage and its connection to the 
mixer are .shown in I'igure fi. 'Fhe 
driving wav(*form switches the plate 
current off and on, and the impeilaiice 
di.scontinuity offered by the »*rystal 
(FkmIc when the plate eurn‘nt switch<*s 
on g<*nerates a v<‘ry sharp negativt^- 
giang .spike of voltage. Tlie criterion for 
the crystal diode u.sed in this afiplication 
is that the front resistance should lie as 
low as po.s.sible. Hence, one of the new 
“N'LI*’ dimle.s the 1N455. is u.s<mI in 
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ihi.s application. It is tin* sharp voltage 
spike tliat produces the uniform spec- 
Irum of harmonics fed to the mix(*r. 


standard free|ueucy signal hetween liar- 
monies of the unknown signal can he 
rej Pitted. 


Mixer 

'rhe nii.xer used in the Ihiit Time 
ITecpiency (’alibrator is a new design 
cumhining good high-fr(‘quency per¬ 
formance with compactness, accessibil¬ 
ity for crystal replacement, and protec¬ 
tion for the ciystal diode. The coa.xial 
panel lilting serves the double purpose 
of either coupling the r-f spectrum to 
I'xternal systems as an output connec¬ 
tor, or as an input fitting to accept an 
externally produc(*<l r-f signal to be 
mixed with the standardized r-f spec¬ 
trum. \ built-in coaxial coupling capaci¬ 
tor protects the IX21H cry.stal ini.xer 
against surges from connei'ting external 
circuits. The mixer current is produced 
by the harmonic-generator waveform, 
so that with small injected signals, the 
injected signal does not materially af¬ 
fect the efficiency of the* mixer. 

The gain of the audio amplilier is 
controlled in a non-linear fashion liy 
adjustment of grid bias on the second 
audio stage. p]nough bias is applied to 
cut the tube olT for small signals .so that 
undosirod beats of harmonics (»f the 


Ebb 



Power Supply 

'riie Unit rime, Frequency Calibra¬ 
tor is designed to work with either the 
Cicneral Radio Type l‘20.‘f-A or I201-A 
Power Supplies. Power re(|uireinents 
are 300 volts, 00 milliamperes, 0.3 
volts, 3.15 amperes. The Type 1201-A 
Regulated Supply is recommended for 
minimum hum and maximum fre- 
(|uency stability. 

Construction 

All of the circuits except the har¬ 
monic-generator stage are located on 
a single etched board. Thi.s board has 
an etched ground plane under the crys¬ 
tal oscillator, btilTer and audio-video 
ampliher circuits. Distributed-capaci- 
tance loading on the multivibrator is 
redu(*ed by omitting the ground plane 
under these circuits. C'areful considera¬ 
tion of component layout and shielding 
on this board in.sures a good environ¬ 
ment for the crystal oscillator free of 
thermal tran.sients and electrical inter¬ 
ference. 'the multivibrator time con- 
.stants are controll(*d by precision com¬ 
ponents with mica capa¬ 
citors and ghuss trimmer 
capai'itors. 'fhese com¬ 
ponents insure good 
multivilirator perform- 
STANDARD ance and long lite. 

"^FREQUENCIES 

Figure 6. Cutaway 
view of the crystol 
mixer, with scheme- 
tic of triode har- 
monic-generoting 
stage. 

AUDIO 
^ OUTPUT 
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APPLICATIONS 

TIh» Typk r21W’ 1*11*1! 'rime Fre- 
(|ueney ('alibrator with the rt*- 

i|uireil power supply ami heaiiphom^s 
provides all th»‘ iieeessary apparatus for 
the ealihratioii of radio-fre«|ueuey oseil- 
lators and rtM-vivei-s to fre<|U<MH*ies Ik‘- 
yoiid KMM) Me. and it also provides 
sc|uar(‘-wav<* markers for oseilloseope 
sweep-time ealihratioii. A simple pluK- 
iii device, the 'rvi*i': 12I.S-IM DilTereii- 
tiator (supplied as an aeeessory) con¬ 
verts the.se .s((uare waves to brief pulses. 
'Idle outi)ut pulse has been made power¬ 
ful enouj!;li tci tritq?!*!’ most pulse gener¬ 
ators and o.seilloseopr* sweeps, thus pro- 
viilinjj; a stable driving source for timing 
pulse .systems for various applications. 

'riie calibration of iKsiallators in the 
laboratory is ea.sily carritsl to fre<|U(*n- 
cies in e.\e(‘ss of ItMM) Me by ininHlm*- 
tion of till* o.seillator signal at the de¬ 
tector lit ting of ih<‘ (‘alibrator; audible 
beats an* prodiiecHl as tin* dial of the 
aseillator is rotatisl. 'fhe H)-Me points 
|K*rmit ready identilieation of <*alibra- 
lion points U'yond KMM) Me by a count 
of the widely spa^’isl beat points on the 
dial. Below .*)(H) Me it is po.ssible to add 
i'alibration marks at closer intervals by 
us(‘ of the l-Me output. 'Fhe harmonic¬ 
generating system is elTe«*tive in supjily- 
ing harmoni<‘.s of It) Me to loDt) .Mc*. and 
of 1 Me to oOO Me, with input signals 
in e.\ce.ss of ol) niv. 'Fhe H)t)-ke and 
K)-kc multivibrators can be u.sed for 
o.scillator calibration up to 100 Me and 
10 Me, respectively, (’alibration of 
.sensitive riM*eivers is rea<lily carried out 
by the use of the r-f outimt harmonic 
.series. With .sensitive r(!C(»ivers the 
harmonics are u.sable above the fre- 
(|uency limit.s given for o.seillator-eali- 
bration opi*ration. When using the cali¬ 
brator for receiver ealilirations, care 
should 1 m* tak(*n that lowt‘r harmonics of 


the 1- or 10-Me output signal being 
usihI do not block the i-f amplilier. It i.s 
po.s.sibl<* to block the rec*eiver if a .•<ul!i- 
ciently strong .signal of the harmonii* 
.•^peetruni lies within the i-f pa.s^ band. 
A liigh-pfLss lilter must be u.s4»d Ik*! ween 
the l2l3-(’ and the receiver being eali- 
brati*«I to cnrrei't this difiieulty. 

Mea.surement of fre<|ueneies lying 
near the .standard freipieney harmonics 
is faeilitat(*<l by tlie inclusion of the 
“touch-button” crystal-oscillator fre- 
(iuency deviator mi the jianel. 'Fou(*hing 
this button reduce'! the fre(|ueiicy of the 
cry.stal oscillator slightly, thus indi¬ 
cating the sign of the diIT(*reni'e be¬ 
tween the unknown fr(M|uency and the 
standard fre(|Ut*ncy, without re<|uiring 
any resetting of the main frtM|uency 
adjustment control, ('alibration «>f the 
.sweep time of cathode-ray o.scilIi)scopes 
i.s eiisily curried out: 'Fvi'K l2b'MM 
DilTerentiator is inserted in the pair 
of binding posts conm*ct(*d to tin* video 
output amplilier; tin* selector switch is 
.s4*t to timing markers; and the re.'iulting 
timing pul.ses are applifsl to the scope. 
Ful.si*s an* available at intervals of .1. 
I, It), and KM)u.sec. The accuracy of the 
intervals is the .same as that of the 


Figure 7. Waveform! in the Type 12I3>C Unit 
Time/Frequency Calibrator. 


10'lic video-ompli- 
fier output (note 100* 
kc marks) 


10-kc multivibrator 
plate. 


1-Mc harmonic gen* 
erotor plate 
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crystal om'illator. Siu(*e it is possible to 
calibraU* the crystal a'^cillator dinictly 
aj'aiiist \N'\V\' by use of a radio rcM’civer, 
the accuracy of these* timing markers is 


much greater than that reijuircKl for ^ 
oscilliKscopic mesisurements. 

I{. W. Fkank 
F. I). Lewis 


'rho authors an* indebted to W. P. Huurk and A. M. Eanies- fur llieir many ions and 

oontributioiiH during tlie development of the riiit 'Time Frequency (•alibpat4ir. 


SPECIFICATIONS 


Output Fr*quenci*ti 10 Mc, 1 Me, 100 ke, 10 k<'. 
Output Amplitudes: 10 Me, lOv i>c*ak*t4H{H*ak, .‘{0 
voUj* ]'K'ak-ti>-|)eak at lower mitput fntiueiieies 
frttni juilw ampliHer; r-f hannonie> u^dtle to 
KKK) Air from lO-Mr output, to 500 Me from 
1-Me output, to 100 Me fmm HMV-Ke output, 
and 10 Vie from 10-kc output. 

Output Impedence: Vitleo eathotlo-follower, .■tt)0 
ohm.«>: r-f output obtained from ervfttalHli(Nle 
harrnoiiie geiierutiir. 

Stobility: .After I hour warm-up, drift rate witb 
n‘guluti*4i plate supuly is maiidy the drift rate 
of the quart/. ervHtal (appro.\ 1 ppm,. '(•). With 
unregulated iniwer supnly, an .additional varia¬ 
tion of ^ ^ '2 ppm with line voltage ehatige from 
105 to 125 voIUm. 

Sensitivity: Fsiible l>eat noU*s ean 1 h^ pnidilred 


w ith 50 millivolts nignal input to mixer over t he 
harmonic rangi*s .•4|M*ei(ied under •*< hitput Am¬ 
plitudes.” 

Tube Complement: l-tibLO, l-5r»S7, 2-5004, 1 
OAKO, l-4iA\8. HirS. 

Power Supply: ti.It V a-e, .4 a; ItOO V «l-€, (lO 
ma. Tti*e l2(Kb.\ or Tvpk 120I-.\ is n*«.*om- 
inenihHi. 

Accessories Supplied: Typk 1213-1*1 DifTcrcntiu- 
l<:r, one eoaxiiil eoiiiieelor, and one multipoint 
eoiinwtor. 

Mounting: .Muiniiium panel and sides, finished 
in bl.Hek cHiekle: aluminum cover, lini.dnHl in 
«*leiir laiapier. Itelay rack paiud is available for 
mounting l)oth ealibrator and |H>wer supply. 
Dimensions: 10*y (width) X 5^4 (height) X 7 
(flepth) inches, overall. Net Weight: 4 lUs, lOo/. 


Tupr 


fWp H'on/ 

Price 

I213.C 

Unit Time/Frequency Colibroter *. 

KKHKI. 

$195.00 

1303-A 

Unit Power Supply. 

ALIVK 

40.00 

1201-A 

Unit Regulated Power Supply. 

AsaFrr 

80.00 

480-P4U3 

Relay-rock panel (for mounting both calibrator 
and power supply). 

rXIPANTAKT 

10.00 

• f Petrnl : 

?..M8,4ft7; license*! tmder iMilents of llw* .XiiuTicnn Teleehotw 

mul T«'leerei>h (’o. 

: Iti'etisetl Millie# 

IMtIrtiU i)f the Knilio C'or|M>nitian i»f .\ineririi: lireniwMl uihIit imteutA of (i. \V 
fi^'etalji ntid iheir miiioeiatud eirmiitfl. 


to |»iexo eiertn'r. 


VACATION CLOSING 

Dvrino IH« week« of July 23 and July 30, our manufocturing dapoHmantt will be doted for vacolien. 

TKere will be butinett at utual in lha talat-engineering ond commercioi deportmentt. Ordert end inguiriet. inctud- 
ing regeetH for faclinical ond tolet informoHon, will roceive owr utwoi prompi oftontion. 

Our torvice deporlmonf roguotH Ibot, bocouta of obeonret in the monufodwring and repoir groopt. thipmentt o 
moteriol bo tdieduled lo reach ut eithar well before or delayed until after the vocotion period. 


GENERAL RADIO COMPANY 

275 MASSACHUSETTS AVENUE 
CAMBRIDGE 39 MASSACHUSETTS 

TELEPHONE: TRowbridge 6-4400 


BRANCH ENGINEERING OFFICES 


NEW YORK 6. NEW YORK 
90 WEST STREET 
TEL. — WOrth 4-2732 


LOS ANGELES 31, CALIFORNIA 
1000 NORTH SEWARD STREET 
TEL.^Hollywood 9-6301 


CHICAGO 5, ILLINOIS 
930 SOUTH MICHIGAN AVENUE 
TEL.^WAbath 3-3t30 


SILVER SPRING MARYLAND 
•053 13th STREET 
TEL.~JUniper 5-1088 


PHILADELPHIA OFFICE 
I 150 YORK ROAD 
ABINGTON, PENNSYLVANIA 
TEL. —H Anceck 4-7419 



lET LABS, INC in the GenRad tradition 

www.ietlabs.com 

534 Main Street, Westbury, NY 11590 TEL: (516) 334-5959 • (800) 899-8438 • FAX: (516) 334-5988 








